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Faced with increasing traffic demand brought by the fifth generation 
(5G) system, Cloud Radio Access Network (C-RAN) becomes one of the 
promising candidates of next generation Radio Access Network (RAN) 
architectures. Unlike the conventional RAN architectures, C-RAN 
divides the original Base Station (BS) into two parts: Baseband Units 
(BBU) and Remote Radio Head (RRH), in which centralized 
management of BBUs and scalable deployment of RRHs will be fulfilled. 
Swarm intelligence (SI), which derives from the study of swarm 
behavior of social insects, is the collective behavior of decentralized, self-
organized systems, natural or artificial. the artificial bee colony algorithm 
(ABC) algorithm is one of SI algorithms, which is an optimization 
algorithm based on the intelligent foraging behavior of honey bee swarm. 
In this research, a dynamical resource allocation scheme in 5G C-RAN 
based on modified ABC algorithm was designed. The logical mappings of 
BBU-RRH and RRH- User Equipment (UE) change depending on traffic 
load and network conditions. The resource allocation problem of C-RAN 
was formulated as a mixed integer nonlinear problem with a number of 
constraints. Then, a modified ABC algorithm is developed as a SI-based 
approach to build the mappings of BBU-RRH and RRH-UE. The 
performance of the proposed scheme in comparison to two resource 
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allocation schemes was evaluated and the results of simulation 
demonstrated that proposed scheme was capable to maintain a high level 







































Wireless communications are faced with a huge growth in traffic 
demand accompanying the explosion of the Internet and smart devices in 
recent years. This increasing demand faced by mobile operators in the 
explosive growth of data traffic, mainly due to the popularity of mobile 
devices, streaming audio and video services and other Internet-related 
services. To satisfy this more and more increasing demand of data 
transmission, the mobile network technologies must be able to increase 
their capacities.  
At first glance, the new generation networks are proposed with a 
greater number of cells while reducing the size of cells, to increase the 
density of the network and take the interference account in at the same 
time. Time Division Duplex (TDD) systems introduce not negligible 
fluctuations of traffic in both Downlink (DL) and Uplink (UL). 
Capacities of network are increased by adding more cells into existing 
networks creating more complex Heterogeneous and Small cell Networks 
(HetSNets), and integrating techniques such as Multiple Input Multiple 
Output (MIMO), which allow a number of antennas to simultaneously 
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serve clients using the same time-frequency resources [1][2][3].  
Therefore, the future architectures of network should be designed in 
hierarchical structures with several sizes of cells. However, the hierarchy 
may increase the interference between cells at the same time. Moreover, 
the power consumption to deploy and organize the heterogeneous cells 
may increase Simultaneously. 
Furthermore, huge amounts of data are becoming an overwhelming 
part of the traffic, while the associated income is shrinking [4][5]. 
Therefore, there is an increasing challenge in the operation of the 
upcoming 5G networks, especially for multimedia systems, services and 
applications [6][7].  
At the same time, power consumption in RAN remains a challenging 
issue. In traditional RAN architectures only about 15–20% of BSs 
operating in the current RAN architecture are loaded more than 50% 
[9][10], which causes a huge energy wastage in current RAN. Moreover, 
when cell is shrinking, energy consumption of BBU becomes dominant. 





In order to meet challenges mentioned above, C-RAN becomes one of 
the promising candidates of next generation access network architectures. 
Unlike the traditional RAN, C-RAN consists of two parts: BBU and 
RRH. BBU is responsible for baseband processing, which implements the 
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Base Station power consumption for different 
cell sizes
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Figure 1 Power consumption of different sizes of cells 
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Radio Frequency (RF) frontend functions, acquires, processes and 
transmits the signal. By combining all the BBUs on a remote cloud-based 
infrastructure called BBU Pool together and sharing radio resources, like 
illustrated in Figure 2, a number of RRHs managed by a single BBU can 
form a single cluster especially for reducing the cost of maintenance, the 
computational load and for energy saving purpose. Furthermore, besides 
being reliable and relatively inexpensive, solutions for the 
interconnection of BBUs must allow high bandwidth and flexible 
topology for the interconnection of RRHs. 
Moreover, architecture of C-RAN allows centralized management of 
BBUs and scalable deployment of RRHs, a BBU can be assigned to one 
or more RRHs. Similarly, RRHs managed by the same BBU can form a 
single cluster by sharing their radio resources [10][11]. These features 
allow a flexibility in resources allocation and a smart centralized 















































SI is the collective behavior of decentralized, self-organized systems, 
natural or artificial. SI systems are typically made up of a population of 
simple agents interacting locally with one another and with their 
environment. The inspiration often comes from nature, especially 
biological systems. The agents follow very simple rules, and although 
there is no centralized control structure dictating how individual agents 
should behave, local, and to a certain degree random, interactions 
between such agents lead to the emergence of “intelligent” global 
behavior, unknown to the individual agents. Natural examples of SI 
include ant colonies, bird flocking, animal herding, bacterial growth, and 























1.3 Author’s contributions 
In this research, a dynamical resource allocation scheme in 5G C-RAN 
based on modified ABC algorithm was designed. The logical mappings of 
BBU-RRH and RRH-UE change depending on traffic load and network 
conditions.  
The joint BBU-RRH and RRH-UE mapping was formulated as a multi-
objective optimization problem and ABC algorithm was modified to 
overcome this multi-objective optimization problem. According to 
simulation results, proposed scheme can maintain a high level of QoS 



















1.4 Organization of the thesis 
The rest of the paper is organized as follows. In Section 2, a brief 
review of resource allocation scheme of C-RAN is introduced. Section 3 
describes our considered C-RAN architecture and the system model. 
Section 4 demonstrates the formulation of BBU-RRH and RRH-UE 
mapping problems. In Section 5, modified ABC algorithm for resource 
allocation in C-RAN is introduced. In Section 6. The simulation results 






















Chapter 2                 
Related work 
 
Researches regarding C-RAN have been performed globally by the 
scientific and industrial community over the past few years, such as s 5G 
PPP phase one, 5G-Crosshaul, 5G-Xhaul, i-CIRRUS and FP7 Mobile 
Cloud Networking projects. 
Recently, SI plays an important role in solutions of network 
organization by modeling individuals process that locally interact among 
themselves, exchanging knowledge through the swarm which results in a 
high emergent system with a high degree of self-organization. Therefore, 
SI may be suitable for the efforts made toward the standardization of the 
next generation 5G RAN [13]. 
In order to improve the network performances while reducing the 
network power consumption, the mapping between UEs and RRHs as 
well as the RRHs and BBUs mapping should be logically designed. 
Unfortunately, existing work and studies only focus on one kind of 
mapping, some related works on these mapping schemes are briefly 
discussed hereinafter. 
 CDI C-RAN was proposed by [14], in which a semi static approach 
was proposed based on the concept of cell differentiation and integration. 
Furthermore, the load balancing problems of C-RAN system was 
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modeled as an integer-based optimization problem, and a discrete Particle 
Swarm Optimization (PSO) approach was proposed to tackle the 
formulated load balancing optimization problem. Their simulation results 
proved that their proposed scheme can increase the throughput compared 
to a fixed C-RAM. 
A dynamical clustering scheme was proposed by [15] to take the 
advantages of the borrow-and-lend approach. However, only BBU-RRH 
mapping issues have been considered. 
[16] proposed an efficient joint BBU-RRH resource allocation in 
CRAN. The jointly RRH antenna resource management and the BBU 
computation capabilities were formulated as an optimization problem, a 
weighted minimum mean square error scheme was used to tackle the 
network wide beamforming vectors optimization.  
In addition, the best fit decreasing scheme has been used in order to 
minimize the number of active BBU for energy saving purpose. The 
results of simulation showed that compared to existing classical schemes, 
their proposed scheme can have more energy efficiency. 
In summary, most of resource allocation schemes in C-RAN was not 
able to take full advantages of C-RAN architecture. Therefore, how to 
maximize the advantage of C-RAN to increase the effectiveness of 




Chapter 3                  
System model 
 
In this paper, we consider an architecture of C-RAN with three parts: a 
centralized BBU pool with several BBUs on the cloud, a number of 
RRHs are set that allows two kinds of cells: Macro and Pico. RRHs are 







Figure 4 System model 
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The Macro cell allows a wide coverage while Pico cells are to increase 
edge speed, data capacity, network efficiency. Given to the adopted C-
RAN architecture, each BBU on the BBU pool can handle one or more 
RRHs depending on the network load condition. Moreover, since all 
BBUs are migrated in the cloud in the C-RAN architecture, the deployed 
RRHs become less complex, more scalable and energy efficient. 
However, the logical mapping between centralized BBUs and distributed 
RRHs is not static but dynamic. It depends on the traffic load and some 




















3.1 Channel model 
We define a set of Macro cells ℳ = {𝑀1, 𝑀2 ⋯ 𝑀𝑛} and 𝒫(𝑀𝑖) =
{𝑃1, 𝑃2 ⋯ 𝑃𝑚} as the Pico cells belong to Macro cell 𝑀𝑖. Then, let us 
define the set 𝒰(𝑃𝑗) = {𝑈𝑗,1, 𝑈𝑗,1 ⋯ 𝑈𝑗,𝑡} as the UE belonging to 𝑃𝑗. 
Assuming that the channel state information is perfect, the received signal 





















𝑘 denote the channel gain, distance and desired 




𝑘 are defined similarly for a given interfering Pico RRH 𝑃𝑜, 𝑜 ≠ 𝑗; β is 
the path loss exponent and 𝑔𝑜,𝑘 represents the additive Gaussian noise. 
Therefore, the SINR Υ𝑗,𝑘 perceived by the UE U𝑗,𝑘 ∈ 𝒰(𝑃𝑗) is given: 
 
 

















The achievable rate(bit/s/Hz) can be given as: 
 
 




𝐵 =  𝑊𝑗 × 𝜔𝑗                         (4) 
 
 

















3.2 Power consumption model 
Unlike the conventional RAN power consumption model, power 
consumption model of C-RAN should take three parts into account: 
power consumption of BBU pool, power consumption of RRH and power 
consumption of fronthaul.  
Power consumption of fronthaul is given as: 
 
 
𝑃𝐹𝐻 =  𝜈𝑗 × ∑ 𝐶𝑗,𝑘                         (5) 
 
 
where 𝜈𝑗 is the scaling factor of the fronthaul. 
 Like models proposed by [18], power consumption of RRH can be 
given as data dependent power 𝑃𝐷𝐷, which is expended to transmit 




















𝑃𝑅𝑅𝐻 =  𝑃𝐷𝐷 + 𝑃𝐼𝐷                        (8) 
 
 
Where 𝑛𝑗 ∈ (0,1) is efficiency of power amplifier. 



















Chapter 4           
Problem formulation 
 
4.1 Constraints derivation 
According to prior assumptions the channel capacity 𝐶𝑗,𝑘 is given in 




(𝐶1) ∑ 𝐶𝑗,𝑘 ≤ 𝐶𝑗









𝑘)2 ≤ 𝜀                   (11) 
 
 
Where 𝜀 is the threshold value of the maximum available power in the 
fronthaul. 
 Let us consider packet processing task at each BBU can be described 
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as a M/M/1queue and service time at each BBU follows the exponential 
distribution with the mean 
1
𝜇𝑗,𝑘
 and the computing capability constraint 
(C3) is given as: 
 
 




Our goal is to maintain a high level of QoS while maximizing the 
throughput and minimizing power consumption. Therefore, our problem 
can be formulated as maximizing function below: 
 
 












Chapter 5                
Modified ABC algorithm 
 
5.1 ABC algorithm 
The ABC algorithm was one of swarm intelligence approach 
introduced by Karaboga [17] to overcome numerical optimization 
problems. This algorithm is based on the intelligent foraging behavior of 
honeybee swarm that consists of three parts: Employed bees, Onlookers 
and Scouts. Employed bees go to their food source and share information 
with Onlookers, Onlooker choose the food source according to 
information from Employed bees, the employed bee whose food source 
has been abandoned becomes a scout and starts to search for finding a 





However, the convergence rate of original ABC algorithms is relatively 
slow under a large scale of C-RAN, therefore we introduce Global best 

























Figure 6 ABC algorithm 
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5.2 Multi-objective optimization 
In our scheme, RRHs are set as Employed bees, which are associated 
with food source. 
In Employed bee phase, Employed bee generates a new assignment 
𝒢𝑛𝑒𝑤of RRH and UE, BBU and RRH in the neighborhood of its present 
position 𝒳𝑖 by taking advantages of Gbest 𝒢𝑏𝑒𝑠𝑡.  
 
 
𝒢𝑛𝑒𝑤 = 𝒳𝑖 + Φ𝑖(𝒳𝑖 − 𝒢𝑏𝑒𝑠𝑡)                       (14) 
 
 
Where Φ𝑖 is is a random number within [−1,1]. 
Then, Employed bees share the value ℱ𝑖 of Eq. (13) to Onlooker.  
In Onlooker phase, Onlooker select the best solution according to 








                            (15) 
 
 
If the value ℱ𝑖 is not improved at the end of cycles, in Scouts phase, 
































Employed Bee Phase   
Generate new solutions in the neighborhood. 
Onlooker Phase   
Select solutions based on goodness probability.  
Scout Phase   





Figure 7 Chart of ABC algorithm 
33 
 
Table 1 Modified ABC algorithm 
Algorithm Modified ABC algorithm  
Begin  
1. Initialization:  
2. Generate the initial food source.  
3. Repeat:  
For each UE, do:  
4. Launch the employee bee phase, generate an assignment of RRH 
and UE based on Gbest.  
5. Launch the onlooker bee phase, evaluate the goodness probability 
Eq. (15).  
6. If the fitness of Eq. (13) is not improved, then launch the scout bee 
phase.  
7. Until convergence.  
8. Set not assigned RRH to sleep.  
9. Repeat:  
For each active RRH, do:  
10. The same as UE.  
11. Until convergence.  





Chapter 6               
Simulation 
 
In this section, we present the simulation results to show the 
effectiveness of our BBU-RRH and RRH-UE mapping schemes. 
Our results are compared with the scheme Borrow-and-Lend proposed 
by Chen [15] and CDI C-RAN [14]. We consider the same network load, 
the same amount of downlink packets arrival rate (packets/s) generated 
by all the UEs in each cell.  
 
 
Table 2 Simulation parameters 
Parameter  Value  
Cell radius  500 m  
System bandwidth  15 MHz  
Carrier frequency  5 GHz  
Log normal shadowing  −8 dB  
Penetration loss  −20 dB  
Noise power density  −174 dBm/Hz  
Number of BBUs  5  

































Figure 9 Number of active RRHs and BBUs (Borrow-lend) 






Figure 10 Number of active RRHs and BBUs (Modified ABC) 
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Figure 11 Network throughput 





Figure 13 Spectral efficiency 






From the simulation results, it can be observed that our scheme can 
have more throughput and less power consumption than the compared 
schemes. Moreover, our propose scheme have well performance in 



























Chapter 7              
Conclusion and Future work 
 
In this research, we completed the formulation of BBU-RRH and 
RRH-UE mapping and evaluate the performance of the proposed scheme 
in comparison to two resource allocation schemes. The results of 
simulation demonstrated the effectiveness of our proposal.  
As a future work, the effect of interference in heterogenous network 
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